Objective: To compare risk for sleep-disordered breathing between children with and without single-suture craniosynostosis.
and without isolated SSC. We therefore sought to evaluate the potential association between isolated SSC and SDB, based on parent report of SDB-related symptoms.
METHODS
This cross-sectional study includes participants in a multi-site follow-up study of neurodevelopment in children with and without isolated SSC Starr et al., 2007) . During initial enrollment, cases were infants diagnosed with isolated SSC (sagittal, metopic, right unicoronal, left unicoronal, or lambdoid) . Controls were healthy infants without congenital anomalies and were matched to the case group by age, sex, race/ethnicity, and family socioeconomic status (SES). Informed consent was obtained before enrollment, with institutional review board approval at each site.
At follow-up, demographic characteristics and medical history were obtained by staff-administered interview. Supplemental questions about SDB-related symptoms were also assessed at this school-age visit. Parents were asked whether their child had new or ongoing sleep problems since the previous study visit. Among those who responded yes, the frequency (usually: 5 to 7 nights per week, sometimes: 2 to 4 nights per week, rarely: 0 to 1 nights per week, and never) of six SDB symptoms were further assessed, including restless sleep, arousal, snoring, snorting/ gasping, apneas, and daytime sleepiness.
Statistical Analysis
Descriptive analyses were used to illustrate the sociodemographic characteristics of children with and without SSC and according to suture type. Counts and percentages were calculated for discrete variables; means, standard deviations, and ranges were calculated for continuous variables. Logistic regression was conducted for binary variables to compare the odds of (1) current and (2) ever sleep problems between cases and controls. Multinomial logistic regression was used for analysis of snoring (never, 0 to 1 nights per week, 2þ night per week). All models included sex, race/ethnicity (non-Hispanic white, other), age, and SES as covariates (Redline et al., 1999; Urschitz et al., 2004; Lumeng and Chervin, 2008) . Proportions of snoring frequency responses were compared across suture type using the Fisher exact test.
In addition, separate sensitivity analyses for regression models were conducted by excluding children who had probable and known causal mutations for SSC (n ¼ 18), suffered from respiratory conditions (asthma and respiratory infections) (n ¼ 38 SSC and 31 controls), and had past airway interventions (tonsillectomy and adenoidectomy) (n ¼ 15 SSC and 16 controls). Finally, because maternal smoking during pregnancy is more common for children with SSC (Hackshaw et al., 2011) and may be associated with childhood SDB (Calhoun et al., 2010; Li et al., 2010) , we added maternal smoking during pregnancy (yes/no) as a covariate in the multivariable regression models.
All aforementioned analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC).
RESULTS
Participants included 184 children with isolated SSC and 184 unaffected controls, with mean ages of 7.5 and 7.4 years, respectively (Table 1 ). In the SSC and control groups, respectively, the majority of children were boys (64% and 63%), were non-Hispanic white (77% and 67%), and had high family SES (Hollingshead Classification I or II; 71% and 85%). Sagittal (42%) and lambdoid (7%) were the most and least common synostoses among cases, respectively. Race/ethnicity and age were similar across suture types. There were more girls among children with left (77%) and right (54%) unicoronal SSC but more boys for other types. The composition of family SES was similar overall, though the proportion of children with high family SES (I or II) in the left unicoronal group (55%) was lower than in the others.
SDB-Related Outcomes
Current sleep problems were reported slightly more often in children with SSC (19%) than in controls (14%; adjusted odds ratio [aOR] ¼1.6; 95% CI, 0.9 to 2.8) ( Table 2) . There was no difference in report of having ever had sleep problems between cases (25%) and controls (23%; aOR ¼ 1.2; 95% CI, 0.7 to 1.9).
The overall association between SSC and snoring was statistically significant (P ¼ .01) in the multinomial logistic regression model. Snoring was more often reported as 2þ nights per week by parents of children with SSC (13%) than of controls (4%) (aOR versus never ¼ 3.5; 95% CI, 1.5 to 8.2) and was reported as 0 to 1 night per week for 5% and 8% of children with SSC and of controls, respectively (aOR versus never ¼ 0.8; 95% CI, 0.3 to 1.9) ( Table 3) .
Eight children with left unicoronal SSC (37%) were reported as having snoring symptoms (0 to 1 nights per week or 2þ nights per week), followed by sagittal (13; 17%), lambdoid (2; 17%), metopic (7; 14%), and right unicoronal (2; 8%) (not shown). Overall comparison of snoring frequency across suture types was not statistically significant (P ¼ .52).
Sensitivity Analyses
After excluding 18 children with identified genetic mutations associated with craniosynostosis, the odds ratio of snoring 2þ nights per week between children with SSC and controls decreased somewhat (aOR versus never ¼ 2.9; 95% CI, 1.2 to 7.1). Remaining sensitivity analyses were comparable to those in the full sample.
DISCUSSION
Unlike syndromic craniosynostosis, SSC usually does not involve midface deficiency, which is thought to be the principal risk factor for SDB among children with craniofacial anomalies (Cielo and Marcus, 2015) . However, in a 2012 study, SDB was present in 50% of children with isolated craniosynostosis, with no association between occurrence of SDB and suture number involved (Alsaadi et al., 2013) . Without a comparison group, that study did not address whether children with SSC had a higher risk for SDB than unaffected controls. Our study found a higher presence of parent-reported snoring among children aged 7 to 11 years with SSC compared with controls. Though preliminary, our results suggest that children with isolated SSC may have a higher risk for SDB, which is consistent with previous studies of other craniofacial anomalies (Cloonan et al., 2009; MacLean et al., 2009; Al-Saleh et al., 2011; Robison and Otteson, 2011; Plomp et al., 2012) . To our knowledge, our study was the first to compare the occurrence of SDB between children with and without isolated SSC. Moreover, the multicenter design allowed for a relatively large number of children with isolated SSC and is a strength of our study.
Furthermore, our study compared both the single snoring symptom and the generic indicators of current/ ever sleep problems between SSC and controls. Diverse manifestations of SDB are present for children, such as nighttime snoring, daytime sleepiness, restless sleep, frequent arousals, snorting/gasping, witness apneas, and dry mouth/mouth breathing (Sinha and Guilleminault, 2010) . The constellation of symptoms changes with age; yet, nighttime snoring is regarded as the most common presentation of SDB at any age among children. For our results, though parent-reported snoring alone is insufficient to diagnose SDB, increased presence of frequent snoring is a sign of higher risk for SDB among children with SSC. No significant difference in current/ever sleep problems may be explained by including low-frequency or nonspecific symptoms. Polysomnography is the criterion standard for diagnosis of SDB, but utilization is limited by high price and time burden in large pediatric epidemiological studies. Thus, validated parent-report questionnaires are commonly used to identify suspected SDB (Spruyt and Gozal, 2011) . One important limitation of this study is that we did not use a standardized and validated questionnaire of SDB (e.g., Pediatric Sleep Questionnaire; Archbold et al., 2002) . Moreover, given that parent-reported symptoms largely depend on parental awareness and sleep habits (e.g., cosleeping), supplemental questions for parent awareness are needed to assess whether parents of participants with isolated SSC have closer observation for their children during sleep than parents of controls do. We also lacked height and weight and were therefore unable to adjust for body mass index-a known risk factor for SDB-in our analysis.
Both maternal smoking during pregnancy and passive smoking exposure are risk factors for pediatric SDB (Li et al., 2010) . Though parental smoking status was not collected at follow-up, maternal smoking status during pregnancy was included as a covariate in our sensitivity analyses and did not affect appreciably the association between SSC and SDB.
Sleep-disordered breathing, even primary snoring, can result in neurocognitive impairment among children (Gozal and Pope, 2001; Brockmann et al., 2012a; Brockmann et al., 2012b ); yet, SDB is a treatable condition using nonsurgical and/or surgical therapies (Guilleminault, 2005; Cielo and Marcus, 2015) . Thus, early diagnosis and treatment are important. Our preliminary study may have implications for clinical care for SDB in an alreadyvulnerable pediatric population. Further study using standardized questionnaires or polysomnography should be conducted to confirm the association between SSC and SDB. At this point, screening of sleep problems in children with isolated SSC should be performed as part of routine care, with heightened awareness that their risk may be higher than the general population. 
